Background: Circulating levels of GH are increased during critical illness and correlate with outcome in children with meningococcal sepsis. We assessed the prognostic implications of GH on admission and during follow-up in critically ill adult patients admitted to a medical intensive care unit. Materials and methods: We measured GH, IGF1 and IGF-binding protein3 (IGFBP-3) plasma concentrations in 103 consecutive critically ill patients and compared it with two clinical severity scores (APACHE II, SAPS II). Results: Median GH levels on admission were similar in septic (nZ53) and non-septic (nZ50) patients and about 7-fold increased in the 24 non-survivors as compared with survivors (9.50 (interquartile ranges (IQR) 3.53-18.40) vs 1.4 (IQR 0.63-5.04), P!0.0001). GH levels increased with increasing severity of sepsis (sepsis, severe sepsis, and septic shock, PZ0.019). By contrast, IGF1 and IGFBP-3 did not correlate with severity of disease or mortality. Logistic regression models showed that GH and both clinical scores were independent predictors of mortality with a similar prognostic accuracy (GH: area under the curve (AUC) 0.81 (95% confidence interval (CI), 0.71-0.92), APACHE II: AUC 0.71 (95% CI, 0.58-0.83), PZ0.16, SAPS II: AUC 0.75 (95% CI, 0.63-0.86, PZ0.36)). GH improved the prognostic accuracy of the APACHE II score to an AUC of 0.78 (95% CI, 0.66-090, PZ0.04) and tended to improve the SAPS II score to an AUC of 0.79 (95% CI, 0.67-0.90, PZ0.09). Conclusion: GH plasma concentrations on admission are independent predictors for mortality in adult critically ill patients and may complement existing risk prediction scores, namely the APACHE II and the SAPS II score.
Introduction
Mortality in sepsis results from a potentially harmful host response to infection (1) . Despite improved supportive care, the mortality of sepsis and septic shock still ranges between 25 and 70% (2) . During sepsis and critical illness, the activation of the anterior pituitary function is a major surrogate of the host's response to stress and leads to a continuum of neuroendocrine and metabolic changes (3, 4) . This response per se is considered to be beneficial for patients, as it provides metabolic substrates and supports the integrity of host deference (3, 4) . Activation of the hypothalamic-pituitary axis in critical illness leads to an alteration in the pulsatile release of GH from the somatotropes (3) (4) (5) . During the early phases of critical illness, the pulse frequency augments leading to an increase in circulating levels of GH (6) . Conversely, in the peripheral tissues there is an acquired peripheral GH resistance with down regulation of insulin-like growth factor 1 (IGF1) and GH binding proteins leading to protein catabolism and a negative nitrogen balance (6) . To convert the negative effects of peripheral GH deficiency, clinical trials with high dose GH treatment have been initiated. However, early termination was necessary because of an increased mortality observed in GH treated patients (7) .
Enormous attempts have been undertaken to identify prognostic markers in the acute phase of critical illness because accurate risk prediction directs the diagnostic and therapeutic work up and may thus improve the mortality and morbidity of patients (8) (9) (10) (11) (12) . In this context, endocrine markers including high serum cortisol and/or low tri-iodothyronine levels have been correlated with poor outcome in critically ill patients (3, 8, 13, 14) . Interestingly, in children with meningococcal sepsis, non-surviving children had markedly higher GH levels and decreased IGF1 levels as compared with survivors (15) . Another study in children with sepsis or septic shock found similar results (16) . During prolonged critical illness, low serum concentrations of IGFBP-1 are a predictor for adverse outcome (3, 17) and a low IGF1/GH ratio identified patients with chronic heart failure at higher risk of cardiac death (18) . Data about the prognostic value of GH in adult patients with acute critical illness or sepsis are lacking. Herein, we assessed the prognostic value of GH concentrations on admission and during follow up in critically ill patients in a medical intensive care unit (ICU).
Materials and methods

Patients
This is a prospective study evaluating GH, IGF1 and IGFBP-3 concentrations in plasma samples of 103 consecutive critically ill patients admitted to the medical ICU of the University Hospital of Basel, Switzerland. The primary endpoint of this study was the assessment of the prognostic value of endocrine dysfunctions in critically ill patients ('PEDCRIP'-study) (19) .
Over a 9-month period 103 consecutive critically ill patients admitted to the medical ICU were included. Two patients were included twice into the study after an interval of 4 and 7-month and with different admission diagnoses. All patients were followed until hospital discharge or death respectively. Vital signs, clinical status, and severity of disease were assessed daily and the commonly used physiological APACHE II score and the SAPS II score were calculated on the basis of the patients unique set of parameters as described elsewhere (11, 12, 20) . When feasible, consent was obtained prior to enrolment in conscious patients, otherwise the consent was obtained from the patients' next of kin. The study protocol had prior approval by the local ethical review board Ethikkommisson beider Basel.
Patients were classified into having sepsis including severe sepsis and septic shock or a systemic inflammatory response syndrome (SIRS) without evidence of infection using international, standardized criteria (21, 22) . In brief, SIRS was characterized by the presence of at least two of the following four clinical criteria: fever or hypothermia (temperature O38 8C or !36 8C); tachycardia (O90 beats/min); tachypnoea (O20 breaths/min or !32 mmHg or the need for mechanical ventilation support); and an altered white blood cell (WBC) count (O12 000 cells/ml or !4000 cells/ml) or the presence of O10% band forms. Sepsis was defined as SIRS with an infection. In case of uncertainty of infection, a complete, retrospective patient chart review including results of microbiological cultures, chest radiographs, and when available, post-mortem examination reports was performed by an infectious disease specialist. An isolated microorganism was considered to be pathogenic if recovered within a 24-hour-period before or after the onset of the systemic response. Microbiological tests and antibiotic therapy were prescribed by physicians on duty according to common practice, without interference by the research team.
Assays
Results of the routine blood analyses including WBC (!10 9 ), C-reactive protein (CRP; mg/ml) and lactate (mmol/l) were recorded in all patients. Plasma on admission, on the morning of the 2-day inclusion and before discharge from the ICU or before death respectively, was collected at the time of blood sampling in plastic tubes containing EDTA. They were placed on ice, centrifuged at 3000 g and plasma was frozen at K70 8C until assayed. Serum GH (ng/ml) was measured by an immunoradiometric assay (CIS-Bio International, Gif-sur-Yvette, France) with a functional detection limit of 0.08 ng/ml. Concentrations of total IGF1 (nmol/l) and IGFBP-3 (nmol/l) were determined with radioimmuno assays (Utrecht Medical Center, Utrecht, The Netherlands). CRP (mg/l) was measured by an enzyme immunoassay (EMIT CRP assay; Merck Diagnostica) and a value of O10 mg/l was considered to be abnormally elevated. Lactate concentrations (mmol/l) were measured enzymatically (Du Pont, Wilmington, DE, USA; reference range 1.1-2.0 mmol/l). Procalcitonin (PCT; ng/ml) was measured using the LUMItest assay (Brahms AG, Hennigsdorf, Germany). Serum interleukin-6 (IL-6) concentrations (ng/ml) were measured with a commercially available quantitative sandwich enzyme immunoassay (CLB; Pelikine Compact, Amsterdam, Netherlands) with a limit of detection of 0.6 pg/ml.
Statistical analysis
Logarithmic transformation was performed to achieve a normal distribution for skewed variables (CRP PCT, GH and (IL-6)). Discrete variables are expressed as counts (percentage) and continuous variables as medians and interquartile ranges (IQR) unless stated otherwise. Frequency comparison was done by c 2 -test. For group comparisons the Mann-Whitney U test was used if only two groups were compared and the Kruskal-Wallis oneway analysis of variance was used if more than two groups were being compared. To compare the prognostic accuracy of different prognostic parameters, odds ratios were estimated using univariate and multivariate regression models and receiver-operating characteristic (ROC) curves were calculated with the AUC as an overall prognostic measure. Thereby, outcomes were either death or survival until hospital discharge. To estimate the potential clinical relevance of GH measurements, we used likelihood-ratio tests to determine whether logistic regression models that included measurements of GH and either the APACHE II score or the SAPS II score provided a significant better fit than did logistic regression models limited to the clinical scores alone. Correlation analyses were performed by using Spearman rank correlation. All testing was twotailed and P-values less than 0.05 were considered to indicate statistical significance. All calculations were performed using STATA 9.2 (Stata Corp., College Station, TX, USA).
Results
Descriptive characteristics of the patients
The median age of the 103 patients included in this study was 57 years (IQR 46-69) and 45.6% were females (nZ47). In 50 patients (48.5%), a SIRS without evidence of underlying infection was found. The principal diagnoses in these patients included neurological disease (e.g. stroke, nZ16), respiratory failure (nZ13), cardiovascular disease (e.g. myocardial infarction and cardiogenic shock, nZ12), gastrointestinal disease (e.g. gastric bleeding, nZ6), trauma (nZ2), and neoplastic disease (nZ1). Sepsis was diagnosed in 53 patients including severe sepsis (nZ15) and septic shock (nZ16). The principal site of infection in septic patients was the lung (nZ37), the gastrointestinal tract (nZ5), the urogenital tract (nZ4), and primary blood stream infection (nZ2). Blood cultures revealed growth of typical microorganisms in 31 patients including Streptococcus pneumoniae (nZ9), Escherichia coli (nZ6), Pseudomonas aeruginosa (nZ6), Enterobacteria (nZ2), Haemophilus influenzae (nZ2), and Staphylococcus aureus (nZ1). The need for blood pressure support with vasoactiva on admission was 30.0% in patients with SIRS and 62.2% in patients with sepsis. The median length of stay in the medical ICU was 4.1 days (IQR 2.0-8.7). Risk assessment on admission to the ICU revealed a median APACHE II score of 21 points (IQR 17-28) and a median SAPS score of 54 (43-66). The in-hospital mortality rate of all patients was 23.3% after a median of 3.6 days (IQR 1.6-6.4). From the 53 septic patients 13 died (24.5%), while 11 out of the 50 SIRS patients (23.4%) did not survive the hospital stay. Additional baseline data of the patients are shown in Table 1 .
GH, IGF1 and IGFBP-3 levels on admission and follow up
Median GH levels on admission to the ICU were increased in all patients (2.42 (IQR 0.85-6.96)) and were similar in patients with and without sepsis (PZ0.77). In septic patients, there was an increase in GH levels with increasing severity of sepsis (i.e. sepsis, severe sepsis, septic shock; ANOVA PZ0.019; Fig. 1 ). In addition, high-risk patients in the highest quartile of the APACHE II score and in the highest quartile of the SAPS II score had significantly higher GH concentrations on admission as compared with patients in the lower quartiles (P!0.01 and 0.005; Fig. 2 ). Median follow up measurements of GH in all patients after 24 h (1.56 (IQR 0.70-5.26), PZ0.42) and at discharge from the ICU (2.04 (IQR 0.85-6.19), PZ0.62) were not significantly different from the initial measurements.
Patients with sepsis had significantly lower IGF1 levels (10.6 (IQR 7.6-15.6) vs 15.2 (IQR 12.2-21.5), PZ0.002) and lower IGFBP-3 levels (1.5 (IQR 1.1-2.3) vs 2.0 (1.5-3.0), PZ0.001) as compared with patients with SIRS. Neither IGF1 nor IGFBP-3 levels correlated with severity of sepsis and both were similar in patients in the highest APACHE II quartile (PZ0.3 and PZ0.25) and in the highest SAPS II quartile (PZ0.27 and PZ0.15). Because this study focuses on risk prediction in the acute situation, IGF1 and IGFBP-3 levels were only measured on admission and not reassessed during follow up. Fig. 3 , the difference in GH concentration between survivors and non-survivors was independently observed in all patients, and in subgroups of septic and SIRS patients. The increase of GH in non-survivors was found on admission to the ICU and during follow-up of patients (Fig. 4) To compare the prognostic value of GH with IGF1, IGFBP-3, and other well known predictors of adverse outcome including age of patients, the APACHE II score, the SAPS II score, glucose levels, WBC, CRP, PCT, lactate, IL-6, and evidence of underlying sepsis to predict in-hospital mortality, we calculated a univariate logistic regression model. As illustrated in Table 2 , GH, IL-6, lactate, the APACHE II score, and the SAPS II score were significant predictors of in-hospital mortality, in contrast to all other predictors. When entered in a multivariate regression model with either the APACHE II score or the SAPS II score, only GH (PZ0.001 and PZ0.008), but not IL-6 (PZ0.58 and PZ0.86) and lactate (PZ0.08 and PZ0.2) was an independent predictor for death. In addition, when adding glucose levels on admission in the multivariate model, GH remained an independent predictor for outcome (data not shown).
To assess the prognostic accuracy of GH as compared with the APACHE II score, the SAPS II score, CRP, WBC, PCT, lactate, and IL-6 to predict mortality, ROC curves were calculated. The discriminatory ability of GH (AUC 0.81 (95% confidence interval (CI) 0.71-0.92)) was within the range of the APACHE II score (AUC 0.71 (95% CI 0.58-0.83), PZ0.16) and the SAPS II score (AUC 0.76 (0.64-0.88), PZ0.35) and significantly better than all other parameters (Table 3 ). A combined model including GH and the APACHE II score (AUC 0.78 (95% CI 0.66.090) improved the prognostic accuracy of the APACHE II score alone (PZ0.04). Similarly, GH tended to improve the prognostic accuracy of the SAPS Figure 2 GH concentrations are significantly higher in high risk patients in the highest quartile of the APACHE (R25 points) and the SAPS II (R67 points) score. To assess whether or not the higher GH level and the lower IGF1 level were worse for the patient or whether or not it is the high-GH levels alone that are worse for the patient, we calculated a GH/IGF1 ratio. The prognostic information of this ratio (AUC 0.78 (95% CI 0.68-0.89), PZ0.27) was in the range of single GH measurements suggesting that the absolute increase in GH levels rather than a decrease in IGF1 levels correlates with outcome.
At the optimal GH cut-off of 6.5 ng/ml on admission, the sensitivity was 70% and the specificity was 85% to predict mortality with positive and negative predictive values of 57 and 91%. The respective sensitivities, specificities, and positive and negative predictive values at a cut-off of 1.0 ng/ml were 96, 38, 31 and 97, 48, 93, 65 and 86% for a cut-off of 10.0 ng/ml respectively.
Because two patients were included twice in the analysis, we performed a sensitivity analysis after exclusion of these two patients. The results of the sensitivity analysis were not different to the result of the whole study cohort in regard to logistic regression analysis and the prognostic accuracy in ROC curves.
Discussion
In this study, plasma GH levels on admission and during follow-up were increased in unselected septic and nonseptic critically ill patients from a medical ICU. GH levels correlated with severity of disease and were about 7-fold increased in patients who subsequently died. Importantly, GH was an independent predictor for mortality and improved the discriminatory ability of the APACHE II and the SAPS II score to identify those patients at high risk of dying in both septic and non-septic patients.
Studies on circulating GH levels in critically ill patients in the ICU setting have largely been conducted in the 70s and 80s of the past century (3, 6, 23, 24) . These studies focused primarily on the pathophysiology of the pituitary alterations during critical illness. From these early studies, the severity-dependent increase of GH in patients with adverse medical outcomes is well documented and thus per se not a new finding. The finding that GH measurement improves the discriminatory ability of the APACHE II and the SAPS II scores, however, extends these early findings as the clinical value of GH has never been interpreted in the context of risk stratification of patients. Accordingly, none of the prognostic scores used in critically ill patients includes GH measurements, despite the promising early results. In this study, we measured only single GH concentrations at various time points of patients on admission to the ICU. GH is secreted in a pulsatile fashion and shows large variations during the day, although during severe infective illness elevated mean plasma GH levels without low trough values between GH peaks have been reported (15) . A standardized GH profile may even show a higher prognostic accuracy, but would not be applicable in clinical practice (15, 16) .
Two main mechanisms might explain the poor prognosis of patients with high GH concentrations. First, GH increases upon the individual stress level of patients and thus mirrors the stress associated with the severity and extent of illness (3, 4, 24) . Second, there is considerable evidence that GH resistance and the resulting increase in GH concentrations per se have deleterious effects in critically ill patients (7). Trials with recombinant GH have been conducted aiming at overcoming GH resistance and preventing the complications of GH resistance induced catabolism, until a multinational study revealed that critically ill patients treated with GH had an increase in mortality due to uncontrolled infections and development of multiple organ failure (7) . Different pathophysiological mechanisms have been put forward to explain the excess in mortality observed upon GH treatment including modulation of the immune system, production of reactive oxygen species and proinflammatory cytokines, and an increase in susceptibility to endotoxins (7, 25, 26) . In addition, it has been postulated that GH stimulates lipolysis, interferes with thyroid and adrenocortical function and prevents the mobilization of glutamine from the muscles leaving less glutamine available for hepatic glutathione production and for rapidly dividing cells, namely leukocytes (7, (27) (28) (29) .
The pulsatile secretion of GH shows an increased basal level with an unchanged frequency and amplitude of the secretion pulses in critically ill and septic patients (30) . Despite this increased stimulation by GH the levels of IGF1 and its binding protein (IGFBP-3) are low, indicating hepatic GH resistance. This anabolic resistance is thought to contribute to the prolonged whole body protein breakdown with increased susceptibility for infections and thus delayed recovery. Some studies suggested that low concentrations of IGF1 and IGFBP-3 predict outcome in prolonged critical illness (3, 31, 32) . In this study, we found decreased IGF1 and IGFBP-3 levels in all critically ill patients, especially in septic patients. However, neither IGF1 nor IGFBP-3 correlated with severity of illness and levels were similar in survivors and non-survivors.
In the assessment and management of critically ill patients, knowledge of prognostic factors is crucial to estimate the risk for mortality. For this purpose, the APACHE II and the SAPS II scores are extensively validated prognostic assessment tools based on routine physiologic measurements, age, and previous health status (11, 12) . With AUCs of 0.71 and 0.76 as found in this study, the prognostic accuracy of the clinical scores still has room for improvement. In this context, there is interest for new readily measurable biomarkers mirroring distinct pathogenetic mechanisms that could independently ameliorate existing risk scores. The utility of a biomarker is defined by the degree it improves clinical decision making and adds timely information beyond that of readily available information from clinical examination (10) . The information of a biomarker may provide new insights into the pathophysiology and prognosis of the disease process thereby facilitating risk stratification and monitoring of therapy as a surrogate outcome measure. Our study demonstrates that GH measurement has a high prognostic utility as an early and independent risk predictor for death with the potential to complement and thereby improve the APACHE II and SAPS II scores.
Some limitations should be considered in interpreting our results. First, this is an observational study and the clinical benefits of GH measurements must be validated in a prospective design with clinical outcomes. Secondly, GH is influenced by different metabolic and other factors and we did not in detail assess the influence of how glucose control, insulin administration, and nutrition on the course of GH levels. Nevertheless, GH levels on admission were measured in treatment-naive acutely-ill patients transferred to the ICU and GH remained an important independent outcome predictor when adding initial glucose levels in multivariate regression models. In addition, age and BMI of patients, and metabolic factors including albumin levels and glucose levels were similar in survivors and non-survivors. Thirdly, we measured total GH levels and not the biologically active free GH concentrations that may show discordant results and a potentially even better prognostic accuracy. Similarly, a GH profile instead of only single measurements of this pulsatile secreted hormone may show better results. Forthly, the number of events (i.e. deaths) in this analysis is of only moderate size limiting the statistical power. Fifthly, in addition to the changes in the GH/IGF1 axis and the IGFBP-3 levels, previous studies reported a significant elevation in the level of IGFBP-1 in critical illness and a negative correlation between high levels of IGFBP-1 and survival (15) . Unfortunately, we did not evaluate IGFBP levels in this study. For these reasons, our results are rather hypothesis-generating than definite.
In conclusion, in this study, GH had a high predictive capacity in adult critically ill patients with and without sepsis. If validated in future studies, GH may complement established risk scores for prognostication and stratification of critically ill medical patients.
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